M
ORE THAN 280 000 MEDIcare enrollees are admitted to hospitals with acute myocardial infarction (AMI) annually. 1 These patients face a high risk of short-term death: 18% die within 30 days of admission. Much of the effort to reduce this high mortality rate has focused on invasive diagnostic and therapeutic interventions. A recent quantitative review of randomized trials comparing primary angioplasty with thrombolytic therapy in ST-segment elevation myocardial infarction (STEMI) patients demonstrated long-term survival benefit in the more invasively treated group. 2 Randomized trials comparing early invasive with conservative strategies in non-ST-segment elevation myocardial infarction (NSTEMI) patients demonstrated mixed survival results but improved cardiac morbidity. [3] [4] [5] [6] [7] Evidence suggests that invasive management strategies primarily benefit elderly or high-risk patients and may not be warranted in lower-risk patients. [8] [9] [10] [11] However, in practice these interventions have been primarily directed to younger, lower-risk patients.
and ␤-blockers, as well as thrombolysis, reduces mortality following AMI. 13 Substantial variation in use of these evidence-based medications across regions 1, [14] [15] [16] [17] [18] and health plans 19 following AMI, as well as underuse, 16, 20 have been well documented. High-risk patients who are most likely to gain from these services are less likely to receive therapy, 20 although recent improvements have been published. 18 Studies have found tremendous variability in the intensity of invasive diagnostic and therapeutic treatment of AMI patients across regions, 1, 14, [21] [22] [23] [24] [25] [26] [27] health plans, 28, 29 and hospitals, [30] [31] [32] [33] which is not explained by patient AMI severity. 1, 27, 34, 35 Most studies found no relationship between greater use of coronary angiography and mortality, 14, 22, 24, 30, 32 although some found a reduction 27, 31 and others 23, 33 found an increase in mortality. These studies were from selected populations in limited geographic regions, mostly using data lacking clinical detail, and did not compare the population-based effects of routine invasive with medical strategies in AMI patients.
Randomized trials are performed under ideal conditions on selected populations and may not necessarily translate into a similar magnitude of benefit in the general population. To investigate the long-term population impact of greater regional intensity of cardiac management, we addressed the following questions: Do patient clinical characteristics explain the differences in intensity of provision of different types of cardiac services across regions? In regions with higher treatment intensity, do patients who are more likely to benefit receive more treatment? Finally, do AMI patients residing in regions with more intensive invasive management strategies have better long-term mortality than those in regions with more intensive medical strategies?
METHODS

Design Overview
Observational studies comparing the benefits of patient-level treatment are often confounded by selection bias in terms of who receives treatment, particularly invasive treatment. Those who receive treatment are generally younger and healthier and may differ in unobserved ways from those who do not receive treatment.
12,27 Multivariable riskadjustment or propensity score methods analyzing patient-level treatment may not remove this bias. 27, 36 The effect of regional treatment intensity is less prone to such bias because admission severity of elderly hospitalized AMI patients tends to be relatively similar across areas. 1, 34, 35 We used the natural experiment of "assignment" of patients to regional "treatment groups" of differing AMI management intensity to assess post-AMI outcomes and treatment. We demonstrate that AMI severity was similar at baseline across regions, but that subsequent treatment type and regional treatment intensity were dramatically different.
Study Cohort
The study cohort was drawn from the Cooperative Cardiovascular Project (CCP), a US national sample of 234 754 Medicare enrollees hospitalized with first admission for AMI (International Classification of Diseases, Ninth Revision, Clinical Modification 410, excluding fifth digit 2) in nonfederal acute care hospitals during 1994 and 1995. 37 The CCP included clinical data systematically abstracted from medical records during the admission, including presentation characteristics, comorbidities, in-hospital treatments, and outcomes. The CCP records were linked to Medicare health administrative files to follow-up patients for 7 years (patients were followed up for 7 years unless they died) for vital status and postadmission diagnoses and procedures, and to exclude those with AMI in the prior year, as in previous studies. 34, 35 Confirmed AMI was defined as elevated creatine kinase-MB or elevated lactate dehydrogenase with the first lactate dehydrogenase level being higher than the second lactate dehydrogenase level measured; or 2 of the following: chest pain, 2-fold elevation of creatine kinase, or electrocardiographic evidence of AMI. The AMIs were classified as (1) NSTEMI, which was defined as non-Q-wave or subendocardial AMI, or (2) STEMI. We further restricted patients to those who were aged 65 to 99 years, who were eligible for Medicare part A and B, and who were not enrolled in a health maintenance organization at the index admission.
The study obtained institutional review board approval through the Centers for Medicare & Medicaid Services review process. No informed consent was obtained. Race was coded as black or nonblack using Medicare Denominator File data.
Area-Level Exposures
Using traditional methods of small area analysis, we defined 589 coronary angiography service areas (CASAs) as discrete geographic regions describing the delivery of cardiac diagnostic services, 1, 21 and computed numbers of cardiac catheterization laboratories per 100 000 area residents for each CASA. 1 Each study patient was assigned to a CASA based on his/her ZIP code of residence.
Area-level invasive treatment intensity was computed as the 30-day rate of cardiac catheterization among eligible patients. Eligibility was defined as American College of Cardiology and American Heart Association class I (ideal) or II (uncertain), 13 and coded as in previous CCP studies. 28 Using linked CCP-Medicare data, we identified all cardiac catheterizations performed within 30 days of admission for eligible patients.
For each CASA, cardiac catheterization intensity was defined as the number of eligible study patients receiving cardiac catheterization within 30 days divided by the number of eligible study patients residing in the CASA.
We used rate of prescription of ␤-blockers at discharge among ␤-blocker-appropriate patients as the indicator of area-level medical management intensity. ␤ -Blockerappropriate patients were those dis-charged alive and not transferred out of the index hospital, in whom ␤-blockers were not contraindicated. 37 To minimize confounding by indication, those ineligible for ␤-blockers were not used in the exposure definition, but were used in outcomes assessment. For each CASA, the area-level ␤-blocker intensity was defined as the number of appropriate patients receiving a ␤-blocker at discharge divided by the number of ␤-blocker-appropriate patients residing in the CASA.
Patients living in CASAs with fewer than 10 cardiac catheterizationappropriate patients or ␤-blockerappropriate patients were excluded, resulting in a final study cohort of 158 831 patients residing in 566 CASAs. Arealevel rates were indirectly adjusted for differences in age, sex, and race. Adjusted rates were categorized according to quintiles, using the CASA study population. Patients were assigned to the quintiles of regional invasive intensity and regional medical management intensity according to their region of residence.
Patient Follow-up and Outcomes
Each patient was followed up from date of AMI admission (index event) through December 31, 2001 . More than half of the cohort was followed up for 3.6 years. Date of death was obtained from the Medicare enrollment database. Data regarding post-AMI diagnostic cardiac catheterizations and revascularization procedures were obtained from Medicare part A and B claims data.
Statistical Analysis
All analyses used the patient as the unit of analysis and regional management intensity as the exposure measure. Based on Cox proportional hazards modeling, we developed an AMI severity index to predict 1-year mortality risk including baseline patient characteristics of age, sex, race, and their interactions, socioeconomic status, comorbidities, and clinical presentation (c statistic=0.77). 38 Mean predicted mortality was used as the summary measure of regional patient AMI severity because it incorporated all measured patient risk factors. We used a logistic regression test for trend to assess whether baseline characteristics were related to regional treatment intensity of cardiac catheterization and ␤-blocker use, measured as continuous variables.
Cox proportional hazards models were used to compare rates of mortality among cardiac catheterizationeligible patients across cardiac catheterization and ␤-blocker intensity regions, censoring when a patient moved from the region. We reasoned that benefits from invasive therapy would be strongest in those eligible for cardiac catheterization. Separate models were run for NSTEMI and STEMI patients. All models adjusted for 62 patient, hospital, and ZIP code socioeconomic characteristics associated with post-AMI mortality. Patient character- istics included age, sex, race, and their interactions; presentation characteristics included AMI location, atrial fibrillation, heart block, congestive heart failure, hypotension, shock, peak creatinine kinase level of higher than 1000 U/L, and cardiopulmonary resuscitation; comorbidities included history of congestive heart failure, dementia, diabetes, hypertension, metastatic cancer, nonmetastatic cancer, lowejection fraction, peripheral vascular disease, angina, and smoking; preadmission status included ambulatory status and admission from nursing home; hospital characteristics included annual AMI volume and teaching status; and ZIP code socioeconomic characteristics included median social security income and percentage of patients in a Medicare health maintenance organization. Effects were assessed using (1) quintiles of combined regional intensity of medical and invasive management, and (2) stratum-specific estimates of the effect of each management style (as a continuous variable), stratified by quintiles of regional intensity of the other management style. Because patients admitted to the same hospital may have correlated outcomes, we used survival models that incorporated this clustering by hospital to adjust the SEs appropriately. 39 Model fit and proportionality of hazards were assessed using residual analyses. 40, 41 All analyses were performed using STATA statistical software (version 5.0, STATA Corp, College Station, Tex); the level of significance used was ␣ = .05 and P values were 2-sided.
RESULTS
Although there were differences in age and specific risk factors, overall baseline AMI severity was similar across regions (TABLE 1 and TABLE 2) . Mean predicted 1-year mortality risk was slightly lower (30.8%) in the highest-intensity cardiac catheterization region compared with the lowest-intensity cardiac catheterization region (32.6%); it was slightly lower (31.7%) in the lowest quintile of area-level ␤-blocker prescription compared with the highest-intensity ␤-blocker region (32.3%). Patients in high-intensity ␤-blocker prescription and low-intensity cardiac catheterization regions were slightly older and had a higher mortality risk. Patients in low-intensity ␤-blocker prescription and highintensity cardiac catheterization regions were slightly younger and had a lower mortality risk. These differences were small and did not demonstrate consistently higher AMI severity burden in higher-intensity ␤-blocker and cardiac catheterization regions (Table 1 and  Table 2 ). There were 40% more cardiac catheterization laboratories in the highest compared with lowest cardiac catheterization regions (1.34 vs 0.96 per 100 000 residents) and 16% fewer in the highest compared with lowest ␤-blocker prescription regions (1.06 vs 1.26 per 100 000 residents).
Use of cardiac catheterization ranged from 29% to 93% across the 566 CASAs Prescription of ␤-blockers at discharge among patients discharged alive and not transferred (n = 102 573) ranged from 5% to 93% across the 566 CASAs (mean, 39%). Younger and lower-risk patients were more likely to receive a prescription for ␤-blockers (TABLE 4). There was underuse of ␤-blockers in patients eligible for ␤-blocker use. For every subgroup, the proportion receiving a prescription for ␤-blockers at discharge increased with area-level ␤-blocker intensity (PϽ.001 for every subgroup) and was on average 1.95-fold higher (95% CI, 1.88-2.01) in the highest compared with lowest rate regions.
About 80% of patients received an aspirin prescription at discharge in all regions. In the highest-rate cardiac catheterization region, the likelihood of receiving a revascularization procedure within 30 days was 76% higher and the likelihood of receiving a prescription for ␤-blockers or angiotensinconverting enzyme inhibitors at discharge was 12% lower than in the lowest-rate cardiac catheterization region. In the highest ␤-blocker region, the likelihood of receiving a revascularization procedure within 30 days was 16% lower than in the lowest-rate ␤-blocker prescription region, but about twice as many appropriate candidates received ␤-blockers and 16% more received angiotensin-converting enzyme inhibitors.
During a mean follow-up of 3.6 years, there were 99 006 deaths (40 648 among patients with NSTEMI and 58 358 among STEMI patients). Survival was best among patients in regions providing the highest rates of cardiac catheterization and ␤-blocker prescription and worst among patients in regions providing the lowest rates of both (FIGURE). The absolute unadjusted overall difference in survival at 7 years between these 2 regional groups was 6.2%. The absolute survival difference for cardiac catheterization-eligible NSTEMI patients was 10.4% and for STEMI was 5.4%.
For both NSTEMI and STEMI cardiac catheterization-eligible patients, mortality was lower in regions with higher intensity invasive and medical management styles (TABLE 5). There was a clear gradient in improved survival from regions with the lowest (upper left) to highest (bottom right) combined intensity of both management styles. However, strong interactive effects were found between the 2 regional management styles (PϽ.001). Improvements in survival associated with increased regional medical management were seen at all levels of invasive management intensity, but were strongest in regions with the lowest invasive management intensity (cardiac catheterization quintile 1) (P for trend Ͻ.001). The strongest improvements in survival associated with invasive management were in regions with the lowest intensity of medical management (␤-blocker quintiles 1 and 2; P for trend Ͻ.01 for NSTEMI; P for trend Ͻ.001 for STEMI). There was no significant marginal improvement associated with increased invasive management in regions with the highest levels of medical management (␤-blocker quintiles 3-5) for either NSTEMI or STEMI patients. The findings were similar when we analyzed 1-and 2-year follow-up post-AMI. There was slight nonproportionality of hazards in the first †Relative rate of receiving therapy for patients residing in Q5 compared with Q1 regions. Computed using unadjusted logistic regression with a log link to estimate relative rates. ‡Classification system according to the American College of Cardiology and American Heart Association.
6 months post-AMI in that regions that had both high-intensity cardiac catheterization and low-intensity ␤-blocker use had higher mortality rates than expected, possibly due to early mortality from revascularization.
COMMENT
We conducted a population-based cohort study of elderly AMI patients living in US regions with vastly different practice patterns to assess which patients received more intensive treatment, and to study their associations with long-term population mortality. Patient baseline AMI severity was similar across regions; however, treatment differed dramatically after onset of AMI.
Regions with more cardiac catheterization laboratory capacity had a commensurately more intensive invasive management style and provided higher rates of cardiac catheterization to all patients, regardless of age, risk profile, or clinical presentation. Availability of cardiac technology and lower patient risk appeared to be the factors driving invasive treatment, as others have also found. 12, 31, 32, 34, 35, 42 The treatment-risk paradox, whereby the propensity to receive treatment is inversely related to expected patient improvement when it is provided to patients at lower risk, possibly due to physician misconceptions about benefit-harm tradeoffs or concerns about treatment complications, has been shown for other cardiovascular therapies. 43, 44 Our study confirmed that clinicians were more likely to provide invasive treatments to lower-risk than higher-risk patients in this population, despite evidence demonstrating that these treatments are associated with greater absolute improvements in older, higher-risk patients. [8] [9] [10] [11] Second, a more intensive medical management style was associated with improved survival regardless of the level of invasive management in the region; however, in regions with high medical management intensity, there appeared to be little or no marginal improvement associated with additional invasive treatment, as was also found by McClellan et al. 27 Although clinical trials have demonstrated that more intensive use of cardiac technology may improve survival for specific AMI subgroups under ideal conditions, 2 this strategy does not always translate into population benefit because clinical settings do not replicate the ideal conditions of the trial. First, even for ideal patients, the benefits of receiving invasive care may not be achievable in routine clinical practice, especially in lower volume settings with less experienced clinicians, or with long transfer times to a hospital with an onsite cardiac catheterization laboratory. Second, the benefits have not been demonstrated in different subgroups of pa- tients with AMI, even though our study and others show that invasive strategies are being routinely used in these patients. 12 Finally, underuse of invasive cardiac technology in patients at high risk who could benefit most, serves to dilute population effectiveness. For the vast majority of patients, these findings point to the need for caution about the routine use of cardiac technology in populations in which the marginal improvements may be small, when simpler, lower-cost, evidence-based medical alternatives exist.
The regional exposure used in this study is an example of an "instrumental variable" 27, 45 or a "natural experiment." By definition, an instrumental variable is associated with regional treatment intensity, but not with attributes that might affect mortality, such as AMI severity. It is a device that attempts to achieve pseudo-randomization so that the estimated treatment effects are not confounded by unmeasured selection bias from healthier patients receiving cardiac catheterization. Our regional intensity exposures appear to have these properties. Similar designs were used by McClellan et al 27 and Fisher et al 34, 35 to assess the effects of regional exposures on survival of chronic disease populations. These types of analyses estimate treatment effects on the marginal patient, defined as those who would receive the treatment in a higher but not in a lower-intensity area. Careful interpretation of the effects of the area-level exposures is necessary. Area-level analyses do not imply that the entire effect of the management strategy derives from the specific exposures that were measured, that is, prescription of ␤-blockers at discharge or use of cardiac catheterization. Instead, they imply that the survival effect is attributable to any and all treatments provided to the residents of the area. In this study, we documented that regions with a more intensive invasive management style provided more revascularization and less medical management. Regions prescribing more ␤-blockers at discharge also provided more intensive medical therapeutics of all types at discharge and less revascularization. The survival improvements observed are the combined effects of general management strategies that emphasize particular types of care.
Several limitations should be considered. Our results might be confounded by unmeasured regional AMI severity differences, although this is unlikely because mean baseline AMI severity risk was similar across regions. The risk adjustors were based on a systematic chart review and encompassed a rich mixture of patient characteristics that strongly predict mortality. Data were not available on postdischarge medications, but inpatient initiation of post-AMI therapies is strongly related to postdischarge use. [46] [47] [48] Second, this study is somewhat dated in that current AMI treatment strategies include primary angioplasty and routine use of statins. However, unlike primary angioplasty, revascularization in the convalescent phase of AMI is likely to show improvement only after longer-term follow-up. In addition, only a minority of patients are eligible for primary angioplasty so that increasing use of this therapy is unlikely to significantly affect population outcomes. Studies such as this are the only way to evaluate long-term survival effects of different treatment styles in actual practice settings because population benefit is often not apparent for many years. 49 Finally, we could not examine the implications of regional treatment intensity on severity of angina, quality of life, and functional status post-MI.
Debate continues regarding the value of routine use of high technology treatment for cardiac patients. [50] [51] [52] [53] While AMI survival has improved compared with 30 years ago, invasive treatment and medical management are not optimal as practiced in the United States. Administration of evidence-based medications has improved since 1994-1995, 16, 18 but invasive management rates have increased as well. Therefore, the message from our study regarding the need to direct optimal treatments to patients with the greatest expected improvement may still be relevant. We recommend first, that a comprehensive, systems-minded approach to delivering evidence-based medical management to AMI patients be a national priority. Second, because health care resources should be provided in such a way as to maximize clinical improvement and efficiency of Medicare spending, continuous large-scale populationbased evaluations of the long-term community effectiveness of expensive, invasive cardiac technology must also be a national priority. The stakes are high in terms of patient outcomes and health care spending.
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